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Abstract
The extraction and characterization of chitin and chitosan from adult desert locust ( ) were Schistocerca gregaria
investigated in this work. Chemical demineralization, deproteinization and decolourization were carried out to 
obtain the chitin followed by deacetylation to obtain the chitosan. The following analyses were carried out by 
determination of  solubility, ash content, moisture content, degree of deacetylation, Fourier transformed-Infrared 
spectroscopy (FTIR), Differential Scanning Calorimetry (DSC), Scanning electron microscopy (SEM). The results 
obtained showed 90.06 % degree of deacetylation of the chitosan, 6.00 % moisture content of the chitosan and 2.24 
% ash content of the chitosan. The 1152.49 cm  peak is attributed to the asymmetric vibrations of CO in the oxygen −1

bridge resulting from deacetylation of chitosan. The glass transition temperatures obtained from differential 
scanning calorimetry were 152.88 °C and 229.63 °C for chitin and chitosan respectively. Surface morphology of the 
chitin shows prominent microfibrils and porous structures while erosion of some of the microfibrils and porous 
structure on the chitosan was observed which could be attributed to successful deacetylation of the chitin.
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1. INTRODUCTION 
Chitin, found in arthropods (insects, crustaceans, 
arachnids and myriapods), is the second most abundant 
biopolymer after cellulose (Rudall and Kenchington, 
1973). Chitin is structurally similar to cellulose, but it is 
an amino polysaccharide having acetamide groups at 
the C-2 positions in place of hydroxyl groups i.e., β-
(1,4)-2-acetamido-2-deoxy-D-glucose. In addition to 
its unique polysaccharide architecture, the presence of 
amino groups in chitin is highly advantageous for 
providing distinctive biological functions and for 
conducting modification reactions. Chitin is thus 
expected to have a much higher potential than cellulose 
in many fields. It is a specialty biopolymer having 
specific properties including biodegradability, 
biocompatibility, and bioactivity, and it is therefore 
interesting not only as an abundant resource but also as 
a novel type of functional material (Muzzarelli, 1977; 
Shaofang 2012). The amount of chitin in animal et al., 
and fungi is specific to species, age and environmental 
conditions where the organism exists (Ashford et al., 
1977). Chitin is insoluble in most solvents because of its 
compact structure. Therefore, chemical modifications 
of chitin are performed to obtain more soluble analogs, 
among which, chitosan, derived by partial N-
deacetylation of chitin, is the most common of such 
derivatives. Since they are versatile biopolymers, their 
potential applications in various industrial fields are 
being actively investigated. For example, chitin and 
chitosan have been documented to be useful as 

antimicrobial, emulsifying, thickening and stabilizing 
agents in the food industry (Shahidi 1999) They et al., . 
have also shown notable bioactivity in biomedical 
fields, including wound healing promotion, immune 
system enhancement, and hemostatic, hypolipidemic 
and antimicrobial activity (Shahidi 1999; Ong et al., et 
al., 2008).

Traditionally, chitin is obtained mainly from crab 
and shrimp shells present as byproducts in the seafood 
industry. Chitin is also a primary component in insect 
cuticles. Therefore, insects are an alternative source of 
chitin and, consequently, of chitosan. Recently, the 
production of chitin and chitosan from insect sources 
has drawn increased attention. First, insects possess 
enormous biodiversity and represent 95 % of the 
animal kingdom (Labandeira and Sepkowski, 1993). 
Therefore, they offer a tremendous potential as a 
natural resource for chitin and chitosan production. 
Furthermore, insect cuticles have lower levels of 
inorganic material compared to crustacean shells, 
which makes their demineralization treatment more 
convenient (Zhang 2000).et al., 

Chitosan is a non-toxic, biodegradable polymer of 
high molecular weight, and is very much similar to 
cellulose, a plant fibre. One difference between 
chitosan and cellulose is the amino (-NH ) group 2

instead of the (-OH) group found in cellulose. 
However, unlike plant fibres, chitosan possesses 
positive ionic charges at acidic pH which gives it the 
ability to chemically bind with negatively charged fats, 
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Deacetylation of the chitin: Deacetylation of the 
chitin was carried out in alkaline solution of 50 % 
NaOH at 100°C for 5 hrs. After deacetylation, the 
chitosan was washed with distilled water. The resulting 
chitosan was then dried to constant weight at 32°C and 
prepared for characterization. 

Characterization of the Chitin and Chitosan: 
The chitin and chitosan were characterized by Nicolet 
iS10 FTIR machine to determine the functional groups 
present, Mettler Toledo DSC 1 machine and Pro 
phenom X SEM machine to observe their surface 
morphologies. 

Fourier transformed infrared spectroscopy  : A 
Nicolet (iS10) FTIR spectrometre in the range of 4000-
400 cm  was used to record the IR spectra for chitin and -1

chitosan using KBr pellets 

Differential Scanning Calorimetry: Differential 
scanning calorimetry was performed on a Mettler 
Toledo DSC1 machine. 7.7 mg of the samples i.e., 
chitin and chitosan were respectively weighed and 
hermetically sealed in aluminum pans of 40 μL. An 
empty sample holder was used as reference. Samples 
were heated from 50-300°C at 10 °C/min. 

Scanning Electron Microscopy: The surface 
morphology of the samples were assessed using the Pro 
X phenom Scanning Electron Microscope at a 
magnification of 1000.

Degree of Deacetylation of chitosan
The degree of deacetylation of the chitosan was 
determined by potentiometric titration. In this method 
dried chitosan (0.2 g) was dissolved in 20cm 0.1 M3  

hydrochloric acid and 25cm  deionized water 3

(Muzzarelli, 1977). After 30 minutes continuous 
mechanical stirring, next portion of deionized water 
(25cm ) was added and stirring continued for 30 minutes. 3

When chitosan was completely dissolved, solution was 
titrated with a 0.1 M sodium hydroxide solution using 
automatic burette (0.01cm  accuracy). The degree of 3

deacetylation (DD) of chitosan was calculated using the 
formula below (Şen and Taşkin, 2014):

DD(%) = 100 – {2.03 [(V  – V )/(m + 0.0042(V  – 2 1 2

V )]} …...........(1)1

where: is weight of sample. V , V are the volumes of m  1 2

0.1 M sodium hydroxide solution corresponding to the 
deflection points. 2.03 is coefficient resulting from the 
molecular weight of chitin monomer unit. 0.0042 is 
coefficient resulting from the difference between 
molecular weights of chitin and chitosan monomer 
units (Şen and Taşkin, 2014).

Determination of solubility
Freshly prepared 0.5 M of acetic acid (25 cm ) was 3

poured into beaker and 0.2 g of chitin was dispersed into 
it, this was accompanied with vigorous mechanical 
stirring. Similar procedure was followed for the chitosan.

 
Figure 1:  Picture of Desert Locust ( )Schistocerca gregaria

lipids and cholesterol, metal ions, proteins, and 
macromolecules (Rinaudo, 2006). Chitosan possesses 
exceptional chemical and biological qualities that can 
be used in a wide variety of industrial and medical 
applications (Knorr, 1984; Muzzarelli, 1977).

2. MATERIALS AND METHODS
Materials
Locust (purchased from Sabon gari market, Zaria, 
Nigeria). Hydrochloric acid, Sodium hydroxide, 
Potassium permanganate and acetic acid used were of 
analytical grade and purchased from British Drug House 
(BDH).

Methods
Locust Sampling 
The locust sample (Figure 1) was purchased from 
Sabon gari market, Zaria, Kaduna state. This was 
followed by washing under running tap water to 
remove impurities and then dried in the sun to constant 
weight. To obtain a uniform size product, the dried 
locust was ground followed by sieving.

Extraction of Chitin and Chitosan
Demineralization: The demineralization was 
achieved by treatment of the dried ground locust 
powder (450 g) with 1 M HCl solution (1 L) at 100°C 
for 30 min to remove minerals and catechols. The 
demineralization step was followed by rinsing with 
distilled water until a neutral pH was obtained. 

Deproteinization: Deproteinization was performed 
by alkaline treatment with 1 M NaOH (1 L) solution at 
80 °C for 24 hrs, and the product was washed with 
distilled water until the pH became neutral.

Decolourization: For the purpose of decolourization, 
the precipitate was further treated with 1 % potassium 
permanganate solution (400 mL) for 1 hr. The chitin 
obtained was washed with distilled water and then dried. 
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Determination of moisture content 
Moisture content of the locust chitosan was determined 
by the gravimetric method (Black, 1965). The water 
mass was determined by drying the sample to constant 
weight and measuring the sample after and before 
drying. The water mass (or weight) was obtained by 
calculating the difference between the weights of the 
wet and oven dried samples. 

Moisture content (%) = (wet weight, g – dry weight, 
g)/(wet weight, g) x 100 …………… (2)

Determination of ash content
Ash of the locust chitosan was calculated according to 
the standard method (#923.03, AOAC, 1990). 0.5g of 
chitosan (triplicate) was placed into previously ignited, 
cooled, and tarred crucible. The samples were heated in 
a muffle furnace preheated to 500°C for 4 hrs. The 
crucibles were allowed to cool in the furnace to less 
than 200°C and then placed into desiccators with a 
vented top.

Ash content (5) = (Weight of residue, g)/(Sample 
weight, g)] x 100 ………………(3)

 
Figure 2: Linear Potentiometric curve of Chitosan

generally known fact. The prepared chitin from locust 
was found to be insoluble in 0.5M acetic acid whereas 
the prepared chitosan had good solubility in 0.5M 
acetic acid. The good solubility of the chitosan 
obtained can be attributed to its high degree of 
deacetylation.

Moisture content
The moisture content of the chitosan obtained from 
locust was measured to be 6% which is in agreement 
with (Fernandez-Kim, 2004) who reported that 
commercial chitosan products may contain <10 % 
moisture content. Isa (2012) also obtained et al., 
similar result for chitosan obtained from crab and 
crayfish.

Ash content
The ash content of the prepared chitosan from locust 
was measured to be 2.24%. It shows that the 
demineralization process for the removal of catechol 
was effective; this account for its very good solubility 
in 0.5M acetic acid. The ash content in chitosan is an 
important parameter because it serves as an indicator of 
the effectiveness of the demineralization (DM) step for 
removal of calcium carbonate. Some residual ash of 
chitosans also has the tendency of affecting their 
solubility

Fourier transformed-Infrared spectroscopy 
(FTIR): FTIR analysis of Chitin

The structure of the extracted chitin was analysed by 
FTIR spectroscopy. The spectrum of chitin (Figure 3) 
showed broad band absorption from 3400.00 cm  to −1

3566.46 cm  which is attributed to –NH and -OH −1

stretching vibration, as well as inter and intra molecular 
hydrogen bonding in chitin molecules. The band 
observed at 2922.74 cm  and 2853.23 cm  corresponds -1 -1

to asymmetric stretching of CH  and CH  in the 3 2

extracted chitin (Guo , 2005). The peak around et al.
1652.98 cm  corresponds to bending vibration of -1

carbonyl bonds (C=O) of the amide group CONHR 
(secondary amide) which is a characteristic feature of 
chitin polysaccharide and also indicates the occurrence 
of little deacetylation (Zhang ,2011; Marchessault et al.
et al., et al. 2006 and Radhakumary ,2003). Bending 
vibrations of CH  and CH  groups were also visible at 3 2

1456.36 cm  and 1376.55 cm  respectively (Mano −1 −1 et 
al., 2003).

Absorption in the range from 1154.74 cm  to 1030.59 −1

cm is attributed to vibrations of CO group (Xu  −1 et al.,
2005). The band located at 1154.74 cm  is related to −1

asymmetric vibrations of CO in the oxygen bridge 
resulting from little deacetylation of chitin. The band at 
1030.59 cm  is attributed to v  of the ring COH, COC −1

CO

and CH OH. The small peak at 892.80 cm  corresponds 2

-1

to wagging of the saccharide structure of chitin (Darder et 

3. RESULTS AND DISCUSSION
Degree of Deacetylation (DD) 
The degree of deacetylation (DD) of the chitosan 
obtained from locust using potentiometric titration was 
calculated to be 90.06 % by taking the two deflection 
points of the linear potentiometric curve of chitosan 
(Figure 2). Commercial chitosan usually has a 
deacetylation degree varying from 70% to 95% (Rege 
et al., 2003). This implies that it is also possible to 
obtain commercial chitosan from desert locust.

 Solubility
Chitin is generally known to be insoluble in organic 
solvents unlike chitosan that is known to be soluble 
(Fernandez-Kim, 2004; Rinaudo, 2006). This test was 
qualitatively carried out in order to ascertain this 
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(b)(a)

Figure 5: SEM images (a) chitin and (b) chitosan. Magnification  x1000

 
Figure 3:FTIR spectrum of Chitin

 
Figure 4: FTIR spectrum of Chitosan
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  Figure 6: DSC thermograph of Chitin

 

Figure 7: DSC thermograph of Chitosan
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al., et al., et al., 2003; Paluszkiewicz  2011; Yuan  2010). 
The peak at 722.09 cm  is attributed to N-H wagging -1

(Rumengan 2014).et al., 

Scanning Electron Microscope (SEM) 
The surface morphology of the chitin (Figure 5a) 
observed using SEM was found to consist of prominent 
microfibrils and porous structures.

The surface morphology of the chitosan (Figure 5b) 
observed using SEM showed the erosion of some of the 
microfibrils and porous structure which could be attributed 
to successful deacetylation of the chitin to chitosan.

Differential Scanning Calorimetry (DSC)
DSC analysis of chitin
The DSC thermograph for chitin (Figure 6) shows an 
endothermic peak at about 55 – 100 C which °

corresponds to the evaporation of water; the glass 
transition temperature of the chitin was obtained to be 
152.88 C and at the temperature of 293.91° oC degradation 
of the chitin sample sets in (Kittur 2002).et al., 

DSC analysis of chitosan
The DSC thermograph for chitosan (Figure 7) shows an 
endothermic peak at about 55 – 95 C which corresponds o

to the evaporation of water; the glass transition 
temperature of the chitosan was obtained to be 229.63oC 
and at the temperature of 297.73 C degradation of the o

chitosan sample sets in (Kittur 2002).et al., 
In general, the glass transition (Tg) temperature will 
increase somewhat as the crystalline content of the 
polymer increases (Abolude, 2016). It therefore 
implies from the results obtained that chitosan has 
the higher crystallinity than chitin.

4. CONCLUSION
Chitin was successfully extracted from desert locust and 
subsequently converted to chitosan. The chitosan 
obtained had high degree of deacetylation (90.06 %), 
good solubility in 0.5 M acetic acid, low moisture 

content (6.00 %) and ash content (2.24 %). From the 
findings of this research, it has been clearly shown that 
chitosan of commercial grade can be obtained from 
desert locust.
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